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57 ABSTRACT 
A method and apparatus for merging a plurality of input 
data strings employ a unit to execute a vector process 
ing for two-way merging to carry out merging itera 
tively, while setting the number of vector elements for 
the merging unit for the input data strings, deliver the 
result of merging, and, when a certain number of vacant 
areas become available in a input data area, load the 
certain number of data of the associated input data 
string to the vacant areas. Delivery of the merged result 
and loading of an input data string to the input data area 
take place in parallel. 
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METHOD AND APPARATUS FOR MERGING 

BACKGROUND OF THE INVENTION 

This invention relates to a method and apparatus of 5 
merging and, particularly, to a method and apparatus of 
merging suitable for multiple-way merging. 
The merging process is defined to be rearrangement 

of a plurality of data strings, each arranged under a O 
same law, into a single data string in compliance with 
the same law. An example of merging process is to 
re-arrange a plurality of numeric strings each arranged 
in the ascending order of numerals to a numeric string in 
the ascending order of numerals. Other merging pro 
cesses include re-arrangement of character strings each 
in the alphabetic order to a character string in the alpha 
betic order. An application of merging process is seen in 
the commercial process, in which the quantities of com 
modities sold in a day are listed in the order of commod 
ity number at the end of the day. 
There has been known a vector merging processor 

which is capable of performing two-way merging, for 
example, in which two input data strings are merged 
through the provision of working areas in the main 
storage including two areas each for storing one of the 
input data strings and an area with a capacity of two 
input data strings for storing the result of merging. This 
processor, however, necessitates working areas which 
are twice the volume of two input data strings, and 
therefore it is not suitable for merging mass data. The 
above-mentioned vector merging process signifies 
merging a plurality of vector data. 
A merging technique which resembles the above 

mentioned prior art is disclosed in JP-A-60-134973 (cor 
responding to U.S. Pat. Application Ser. No. 685,116 
“Vector Processor"now U.S. Pat. No. 4,779,192). A 
software-oriented multiple-way merging technique is 
described in an article entitled "Sorting and Searching', 
Vol. 3, pp. 251-253, published by Knuth, copyrighted 
by Addison-Wesley Publishing Co. in 1973, in which 
the manner of "replacement selection' is used to pro 
duce an element of output at one time. 

SUMMARY OF THE INVENTION 

An object of this invention is to provide a method and 
apparatus for merging a large quantity of input data of 
the vector type using small working areas in parallel 
fashion for data input and result output with a long 
vector length being retained. The vector-type data sig 
nifies a group of data of the same type. 
According to one aspect of this invention, with the 

intention of achieving the above objective, input data is 
merged in units smaller than a certain number of data by 
executing a vector processing involving two-way merg 
ing, the result is delivered, and further input data is 
introduced when room for a certain amount of data 
becomes available in an input data area. Input areas and 
an output area of the working areas (and an intermedi 
ate area in the case of merging three-ways or more) are 
used to implement merging in units of vector elements 
on the basis of the number of data entered in a parent 
area where the result of two-way merging is stored, and 
the result of merging is delivered. This scheme enables 65 
the working areas to have a capacity independent of the 
number of data, whereby mass data can be merged using 
smaller working areas. 
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2 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a block diagram of the merging apparatus 

embodying the present invention; 
FIG. 2 is a diagram showing the operation of the 

merging unit used in the merging apparatus of FIG. 1; 
FIG. 3 is a diagram showing the algorithm of the first 

embodiment of the inventive merging method; 
FIG. 4 is a diagram showing the working areas of the 

embodiment of FIG. 3; 
FIG. 5 is a diagram showing the algorithm of the 

second embodiment of the inventive merging method; 
FIG. 6 is a diagram showing the working areas of the 

embodiment of FIG. 5; 
FIG. 7 is a diagram showing the algorithm of the 

third embodiment of the inventive merging method; 
FIG. 8. is a diagram showing the algorithm of merg 

ing process; 
FIG. 9 is a diagram showing the working areas of the 

embodiment, of which a step of FIG. 7 is shown in more 
detail; 

FIG. 10 is a table showing the relationship between 
the working areas of the embodiment of FIG. 7; 
FIG. 11 is a diagram useful for explaining the process 

of the embodiment of FIG. 7; 
FIGS. 12-1 and 12-2 are examples of the merging 

process based on the embodiment of FIG. 7; 
FIG. 13 is a diagram showing the algorithm of the 

fourth embodiment of the inventive merging method; 
FIG. 14 is a diagram showing the working areas of 

the embodiment of FIG. 13; { 
FIG. 15 is a table showing the relationship between 

the working areas of the embodiment of FIG. 13; 
FIGS. 16-1, 16-2 and 16-3 are diagrams of data flow 

based on the embodiment of FIG. 13; and 
FIG. 17 is a timing chart of the embodiments of this 

invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiments of this invention will now be described 
with reference to the drawings. 
FIG. 1 is a block diagram of the merging apparatus 

which forms an embodiment of this invention. In the 
figure, indicated by 10 is an instruction register, 11 is a 
decoder, 12 is a scalar computation unit, 13 is a vector 
computation unit, 14 is a main memory, 15 is an I/O 
control circuit, 16 is a disk storage, 17 is a merging 
operation unit, 18 are counters, 19 is an address control 
circuit, 20 and 21 are input registers, 22 is a comparator, 
23 is a selector, and 24 is an output register. 

In this embodiment, mass data to be merged is stored 
in advance in the disk storage 16, and it is loaded into 
the main memory 14 by the I/0 control circuit 15. After 
the data is merged by the scalar computation unit 12 and 
vector computation unit 13, the result is stored in the 
disk storage 16. The merging apparatus of FIG. 1 is 
operative to carry out the inventive merging methods 
which will be described later. 

FIG. 2 shows the operation of the merging unit 17 in 
FIG. 1, in which the state shown in the left half of the 
diagram is for time 10 of the counter shown in the right 
half. Indicated by OP1, OP2 and OP3 are working areas 
in the main memory 14. The numerals enclosed in pa 
rentheses, i.e., (1)–(4), in OP1 and OP2 are for the pur 
pose of explanation, and actually they have been sent to 
OP3 and are absent in OP1 and OP2 at time 10. The 
OP1 and OP2 represent input data of numeric strings 
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each sorted in descending order, and OP3 represents 
output data. At time 1, OP1 contains 10 pieces of data, 
OP2 contains 8 pieces of data, and OP3 contains no 
data. At time 2, the comparator 22 in the merging unit 
17 compares the values of data in OP1 and OP2, and a 
piece of data in OP1 is transferred to OP3. Namely, in 
this example, 1 stored in OP1 is compared with 2 stored 
in OP2, and the smaller 1 in OP1 is transferred to OP3. 
Following the transfer operation, the counter of OP1 is 
decremented by 1, the counter of OP2 is left unchanged, 
and the counter of OP3 is incremented by 1 in the 
counter circuit 8. Consequently, OP1 contains 9 pieces 
of data, OP2 contains 8 pieces of data, and OP3 contains 
piece of data at time 2. The operation proceeds succes 

sively. Namely, at the transition from time n to time 
n--1, data in OP1 and OP2 are compared, and if data of 
OP1 is smaller than data of OP2, the OP1 counter is 
decremented by 1, the OP2 counter is left unchanged, 
and the OP3 counter is incremented by 1. If, on the 
other hand, data of OP1 is greater than data of OP2, the 
OP1 counter is left unchanged, the OP2 counter is dec 
remented by 1, and the OP3 counter is incremented by 
1. In FIG. 2 the output area OP3 has a capacity for 16 
pieces of data and the input areas OP1 and OP2 have 
capacities for 10 and 8 pieces of data, respectively, for 
the explanatory purpose, and it should be noted that the 
actual output area is smaller than the input areas. 

FIG. 3 is a diagram showing the algorithm of the first 
embodiment of the inventive merging method, and 
FIG. 4 is a diagram showing the relationship between 
the disk storages and the working areas in the main 
memory. FIG. 3 will be explained with reference to 
FIG. 4. The main memory 14 in FIG. 4 is the main 
memory 14 in FIG. 1, and the disk storages 16-1, 16-2 
and 16-3 are equivalent to the disk storage 16. The main 
memory 14 has a section A which is assigned to the 
output area (i.e., used to store the result of merging), 
and has sections B and C which are assigned to the input 
areas. Each of the areas B and C is twice the capacity of 
the area A, although the former areas may be greater 
than twice the latter area. 

In step 1 of FIG. 3, it is indicated that data in disk 
storages 16-1 and 16-2 is loaded into the areas B and C, 
respectively, and the data counters 18 and the start 
addresses of both input data are set. It step 2, it is indi 
cated that step 3 and following steps are repeated until 
merging for all data completed. In step 3, it is indicated 
that the number of data entered to the output area A in 
FIG. 4 is set as a number of vector elements of two-way 
merging. In other words, the vector operation unit 17 
performs two-way merging for pieces of data equal in 
number to the number of vector elements. In step 4, it is 
indicated that data in the areas B and C are merged and 
the result is stored in the area A, with the counters 18 
and addresses being updated accordingly. In step 5, it is 
indicated that data in the area A is stored in the disk 
storage 16-3. Step 6 is to test whether a vacant area as 
large as the area A is available in the area B or C. If the 
area is found available, the control sequence proceeds 
to step 7 for the entry of data and updating of the count 
ers and addresses, or if the area is not available, nothing 
takes place. 
The steps 6 and 7 ensure that there always exists in B 

and C at least a piece of data to be entered to A at the 
execution of merging in step 4, and the merging process 
of step 4 is not terminated. Accordingly, it is possible 
for data with a long vector length to be merged di 
rectly. 
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4. 
The areas A, B and C are fixed in location and size 

and are independent of the number of data. On this 
account, it is possible to merge mass data in the form of 
a given vector length using a small working areas, and 
to perform the input and output operations indepen 
dently or in parallel to each other. 

FIG. 5 shows the algorithm of a second embodiment 
of the inventive merging method, and FIG. 6 shows the 
relationship between the disk storages 16-1 through 
16-3 and the working areas A through E in the main 
memory 14 of this embodiment. In FIG. 6, indicated by 
14 is the main memory 14 in FIG. 1, and 16-1, 16-2 and 
16-3 are disk storages equivalent to the disk storage 16 
in FIG. 1. The main memory 14 has an output area A, 
an intermediate area B, and input areas C, D and E. A 
and B are equal in size, and C, D and E are each twice 
the size of B in this embodiment, although the area B 
may be larger than A, and the areas C, D and E may be 
larger than twice the size of A. 

In step 30 of FIG. 5, it is indicated that data is loaded 
from the disk storages 16-1, 16-2 and 16-3 into the areas 
C, D and E, respectively, and the counters 18 for the 
areas and the addresses of data in the areas are set in the 
address control circuit 19. In step 31, it is indicated that 
step 32 and following steps are repeated until merging 
for all data is completed. In step 32, it is indicated that 
the quantity of data entered to the area A is set as a 
number of vector elements of the vector operation unit 
13. Step 33 is to test whether merging of data in the 
intermediate area B and input area E is feasible. Since 
the area E contains more data than would be entered in 
the area A, as will be described later, merging is feasible 
if the number of data in B is more than the number of 
vector elements. In this case, step 34 for merging and 
updating the counter and address takes place. If merg 
ing is not feasible, the control sequence proceeds to step 
35. In step 35, it is indicated that the number of data 
entered to the vacant area of B is set as a number of 
vector elements of the merging unit 17. In step 36, it is 
indicated that merging is executed between the areas C 
and D, and the counters and address are updated. In 
step 37, it is indicated that merging is executed between 
the areas B and E, and the counters and address are 
updated. In step 38, it is indicated that data in the area 
A is stored in the disk storage 164. Step 39 is to test 
whether a vacant area as large as the size of A is avail 
able in the area C, D or E. If the area is found available, 
step 40 is executed for entering data and updating the 
counters and addresses, or otherwise nothing takes 
place. Due to the processes of steps 39 and 40, the areas 
C, D and E always contain more data than that entered 
in A. 
The areas A, B, C, D and E are fixed in size and 

location, and therefore are independent of the data 
quantity. On this account, mass data can be merged 
using smaller working areas, with the input and output 
operations being performed independently or in paral 
el. 
FIGS. 7 and 8 show the algorithm for a third embodi 

ment of the inventive merging method, FIG. 9 shows 
the relationship between the data areas, FIG. 10 shows 
in a table the relationship between the areas, FIG. 11 
shows the process based on the algorithm of FIGS. 7 
and 8, and FIGS. 12-1 and 12-2 show examples of pro 
cessing. 

First, the relationship between the data areas will be 
explained with reference to FIGS. 9 and 10. In FIG. 9, 
indicated by 14 is the main memory 14 shown in FIG. 1, 
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and 16-1 through 16-5 are disk storages equivalent to 16 
in FIG. 1. The main memory 14 has an output area A, 
intermediate areas B and C having the same size as A, 
and input areas D, E, F, and G each having a size twice 
that of A. The areas B and C may be larger than A, and 
the areas D, E, F, and G may be larger than twice the 
size of A or B. 
The areas A, B, C, D, E, F, and G are called "nodes', 

and specifically A is called "root' and D, E, F and G 
are called "leaves'. B and C are children of A, while A 
is a parent of B and C. D and E are children of B, while 
B is a parent of D and E. F and G are children of C, 
while C is a parent of F and G. In the table of FIG. 10, 
the first column contains nodes, the second column 
contains parents, and the third and fourth columns con 
tain children. The contents of fields with symbol" are 
arbitrary characters. The fifth column contains the 
count values of counters, which represent the number 
of data in the nodes. The sixth column contains the 
starting addresses of data. The seventh column contains 
leaf flags having "1" in the case of the leaf, or otherwise 
"0", and the leaf flags are used for detecting leaves at 
data entry. 

Next, the diagrams of FIGS. 7 and 8 will be explained 
with reference to FIGS. 9, 10 and 11. FIG. 11 shows the 
sequence of the process for the data areas in the main 
memory 14 in FIG. 9. In step 50 of FIG.7, it is indicated 
that data is entered to the areas D, E, F, and G of FIG. 
9, and counter data and starting addresses of FIG. 10 
are set. Step 51 indicates that step 52 and following steps 
are repeated until all data has been merged. Step 52 
indicates that the pointer is set to area A, i.e., the root is 
designated as the current node. Step 53 indicates that 
the number of data entered to area A of FIG. 9 which 
is the current node, i.e., root, is set as a number of vector 
elements for two-way merging carried out by the vec 
tor operation unit 13. This is process 1 in FIG. 11. Step 
54 indicates that the merging process is repeated until 
the result is produced in area A of FIG. 9, i.e., the pro 
cess of step 55 in FIG. 8. Step 60 of FIG. 8 implements 
the maximum value comparison for child nodes for the 
judgement as to whether the requirement of merging 
shown by 2 in FIG. 11 is met. Namely, among data 
stored in two child nodes, maximum data of the nodes 
are compared. This is the former half of the process 3 in 
FIG. 11. Step 61 of FIG. 8 is the output decision at the 
latter half of the process 3 in FIG. 11. The process of 
step 62 takes place in any of three cases: the number of 
data on the side of the smaller maximum value is greater 
than the number of vector elements for two-way merg 
ing; both child nodes are leaves; the node with the 
smaller maximum value is a leaf and the node with the 
larger maximum value has its area filled with data, or 
otherwise the process of step 66 takes place. Step 62 
indicates that merging is executed and the counters and 
data starting addresses of the table of FIG. 10 are up 
dated. This is the process 6 in FIG. 11, for example. 
Step 63 is to test whether the current node is a root or 
not (i.e., whether or not the pointer points to a root). In 
case of a root, nothing takes place, or otherwise the 
parent node is made the current node (i.e., the pointer is 
moved to the parent node). This means that the current 
node is shifted from B to A in FIG. 9 following the 
process 6 of FIG. 11. Step 65 indicates that if a child or 

O 

15 

20 

25 

30 

35 

45 

50 

55 

60 

further descendant data is absent, the node is made a leaf 65 
and the flag in the table of FIG. 10 is updated. For 
example, in FIG. 9, if no data is left in D and E, area B 
is made a leaf. If area D, for example, is out of data, no 

6 
data is left in the disk storage 16-1, as will be explained 
later. In FIG. 8, step 66 indicates that the child other 
than a leaf or with the smaller maximum value is made 
the current node. For example, the current node is 
moved from A to B in FIG.9 following the process 3 in 
FIG. 11. Step 67 of FIG. 8 indicates that among the 
shortage of data of the numbers of vector elements in 
the vacant area of the parent and in the area of a parent 
of the parent (grandfather) for the output to the grand 
father, the smaller quantity is set as the number of vec 
tor elements. Namely, if the vacant area of the parent is 
larger than the shortage, the shortage is set as the num 
ber of vector elements of the parent. This is the process 
4 in FIG. 11 for example. Repeating the process of FIG. 
8 results in the process of FIG. 11, and an output is 
produced in A in FIG. 9. In FIG. 7, step 56 indicates 
that the result produced in A of FIG. 9 is stored in the 
disk storage 16-5. Step 57 is to test whether a vacant 
area as large as A is available in leaf areas D, E, F and 
G. If the area is found, data input of step 58 and updat 
ing of counters and data starting addresses of FIG. 10 
take place. If no vacant area is found, nothing takes 
place. Due to the steps 57 and 58, data always exists in 
the leaf, so far as data exists in the disk storage, and 
when no data is left in the leaf, no data exists in the disk 
storage either. 
The above explanation has been the case of input data 

arranged in the ascending order. When input data is 
arranged in the descending order, phrases "maximum 
value comparison", "number of data on the side of the 
smaller maximum value', and "child with the smaller 
maximum value' in the steps 60, 61 and 66 should be 
replaced with "minimum value comparison", "number 
of data on the side of the larger minimum value', and 
"child on the side of the larger minimum value', respec 
tively. This phrase replacement rule is also applied to 
the following fourth embodiment. 
The following describes the flow of data with refer 

ence to FIGS. 12-1 and 12-2. 
Shown by I in FIG. 12-1 is the case where the area A 

contains no data, B contains one piece of data, C con 
tains 3 pieces of data, D contains 6 pieces of data, E 
contains 6 pieces of data, F contains 5 pieces of data, 
and G contains 7 pieces of data. The current pointer is 
assumed to point to A. The process of this case com 
pares the maximum value '6' in B with the maximum 
value '8' in C and selects the area with the smaller 
maximum value, i.e., B. Since D and E have no child, 
merging is feasible. 
The case II shows the result of merging between D 

and E. B has the maximum value "13' which is larger 
than the maximum value '8', and the sum of the num 
ber of elements of C and the number of elements in B is 
smaller than the maximum value of C, i.e., 1, is larger 
than the area A, and therefore merging between the 
areas B and C is feasible. 

III is the result of merging between the areas B and C. 
If the leaves are searched for a vacant area, there is a 
vacant area in area E not less (equal to or larger) than 
the size of A. 
Shown by IV in FIG. 12-2 is the case where data in 

the area A of case III in FIG. 12-1 is stored in the disk 
storage, and data in the disk storage is loaded into the 
area E. In comparing the maximum values in the areas 
B and C, the maximum value "13' is found in B, while 
C has no element, the latter being evaluated to be the 
smaller based on the assumption of "- o”. The areas F 
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and G have no child node, and therefore merging be 
tween F and G is feasible. 
Case V is the result of merging between the areas F 

and G. Comparison of the maximum value "13" in B 
with the maximum value '15'in Creveals the former to 
be the smaller, and therefore merging between B and C 
is not feasible. Namely, the area B has 3 elements, and it 
is not known in general whether the area C has a value 
smaller than the maximum value of B. On this account, 
merging is not feasible. An element needs to be added to 
B. On the other hand, the areas D and E have no child 
node, and merging is feasible. 
Case VI is the result of merging between the areas D 

and E. Both areas now store more data in number than 
the number of elements in the area A, and merging 
between B and C becomes feasible. 
Shown by VII is a product of merging between the 

areas B and C held in the area A. 
According to this invention, as described, the mean 

vector length is determined from the summed data 
movement value divided by the number of executions of 
merging instruction. The merging instruction is not 
executed each time a vacant area is found in the work 
ing areas. Even if a vacant area is available, the process 
does not take place when merging is not feasible. There 
fore, the frequency of instruction execution is lowered, 
and data can be treated with their long vector length 
being retained. In addition, the process uses only areas 
which have been reserved in the main memory on the 
basis of the number of ways and input/output unit value 
independently of the number of data, whereby the 
merging process can be implemented using small mem 
ory areas. 

FIG. 13 shows the algorithm of the fourth embodi 
ment of the inventive merging method, FIG. 14 shows 
the relationship between the data areas, taking four-way 
merging as an example, FIG. 15 shows in table the 
relationship between the areas, and FIGS. 16-1, 16-2 
and 16-3 show the flow of input/output data. 

First, the relationship between the data areas will be 
explained with reference to FIGS. 14 and 15. In FIG. 
14, indicated by 14 is the main memory 14 in FIG. 1 and 
16-1 through 16-5 are disk memories equivalent to 16 in 
FIG. 1. In the main memory 14, indicated by A is an 
output area, a is an area for holding tagged data in the 
same number as data held in A, b and c are areas of the 
same size as a, d, e,f, and g are areas three times as large 
as a, and D, E, F and G are areas for holding data in the 
same number as tagged data held in d, e, f and g, respec 
tively. The areas b and c generally have sizes equal to or 
larger than a, and the areas d, e, f, and g are generally 
given a size (log2N)+1 times larger than b and c. The 
areas d, e, fand g are used to hold key data sliced from 
input data in D, E, F and G, respectively, with a tag 
being appended thereto, b is used to hold the merging 
result of d and e, c is used to hold the merging result of 
fand g, and a is used to hold the merging result of b and 
c. The key data is such information as the commodity 
number, for example, when taking an example of a set of 
records comprising a commodity number, commodity 
name, price, quantity of stock, etc. for each commodity, 
and this forms a code shorter than the code of the com 
modity name. Tagged key data in a transformed back to 
the original input data is entered to A. 
The areas a, b, c, d, e, f, and g will be called "nodes'. 

Specifically, a will be called "root', and d, e, f and g 
will be called "leaves'. b and c are children of a, while 
a is a parent of b and c, d and e are children of b, while 
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8 
b is a parent of d and e. f and g are children of c, while 
c is a parent off and g. In the table of FIG. 15, the first 
column contains nodes, the second column contains 
parents, the third and fourth columns contain children, 
the fifth column serves for counters indicating the num 
ber of data in the nodes, the sixth column contains the 
starting addresses of tagged key data in the nodes, the 
seventh column contains the starting addresses of input 
data areas, the eighth column serves for test flags 1 
indicating a leaf by '1' or no leaf by 'O', and the ninth 
column serves for flags 2 taking three values of "O", "1' 
and "2” for specifying the input position of data. As an 
example of the flags 2, in FIG. 14, the right-most four 
data elements are given a flag value of "0", the interme 
diate four data elements are given a flag value of '1', 
and the leftmost four data elements are given a flag 
value of "2'. Symbol “” signifies an arbitrary charac 
ter. In the case of N-way merging, the flag 2 generally 
takes the number defined by (log2N)-1 of values, i.e., 
“0”, “1”, --, log2N. 

Next, the diagram of FIG. 13 will be described with 
reference to FIGS. 14 and 15. Step 70 in FIG. 13 indi 
cates that data is entered to D, E, F and G, tagged keys 
are produced in d, e, f and g, and the counters and the 
starting addresses of tagged key data in FIG. 15 are set. 
Step 71 indicates that step 72 and the following steps are 
repeated until all data has been merged. Step 72 indi 
cates that the pointer is placed at the area a, i.e., the root 
is specified as the current node. Step 73 indicates that 
the quantity of tagged key data entered to a in FIG. 14 
is set as a number of vector elements. Step 74 indicates 
that the merging process 55 is repeated until the result is 
produced in a. The merging process of step 55 is the 
process shown in FIG. 8, and the merging process of 
the third embodiment is used for the tagged key. Step 75 
indicates that input data is re-arranged in accordance 
with the result produced in a, and it is placed in A. Step 
76 indicates that data is stored in the disk storage 16-5. 
Step 77 is to test whether a continuous vacant area as 
large as two times the size of a (that is, log2N times the 
size of a and N=4 in this particular case) is available in 
the areas d, e, f and g in FIG. 14. If the area is found 
available, the sequence proceeds to step 78, or other 
wise nothing takes place. Step 78 is the process of enter 
ing data to D, E, F, and G in FIG. 14. Since the num 
bers of data in D and tagged key data in d are different 
in general, the input control is carried out as follows. In 
case a vacant continuous area of twice the size of a is 
available ind, there is a continuous vacant area equal in 
size to a in D, and data is entered to this area. The first 
data entry is at the top of the area, the second data entry 
is at a position offset by the size of a from the top, and 
the third data entry is at a position offset by twice the 
size of a from the data area. The fourth data entry is at 
the same position as the first entry, and the data input 
operation continues cyclically. The entry position is 
indicated by the flag 2 in the table of FIG. 15, i.e., "O" 
for the first entry, "l' for the second entry, and "3" for 
the third entry. In this situation, step 78 indicates the 
entry of data, which is followed by updating of the flags 
2, formation of tagged key data from the input data, and 
setting of the counters and the starting addresses of 
tagged key data. 

FIGS. 16-1, 16-2 and 16-3 are diagrams showing the 
transfer of input/output data, the transfer of tagged key 
data, and their relationship. In FIGS. 16-1 and 16-2, 
indicated by A1, A2, A3 and A4 are addresses of data in 
the area A. Indicated by D1, D2, and so on are counter 
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parts of the respective areas. Shown in FIG. 16-1 is the 
merging result in the area A, while shown in FIG. 16-2 
is output of data from the area A and input to the area 
D. Data input takes place when a vacant area of eight or 
more is available in the areas d, e, f and g. 
FIG. 16-3 shows the transfer of data at the transition 

from FIG. 16-1 to FIG. 16-2. Shown by I of FIG. 16-3 
is the result of merging obtained in the area a. Replace 
ment of tagged key data in the area a with input data 
results as shown in FIG. 16-1. Shown by II of FIG. 16-3 
is the formation of tagged key data from input data of 
FIG. 16-2 and entry to the area d. In regard to FIGS. 
16-1, 16-2 and 16-3, the numbers of data in the areas D, 
E, F and G and in the areas d, e, f and g are different in 
general. This is because the intermediate result is depen 
dent on the areas b and c. This invention is designed to 
inquire as to a vacant area in the areas d, e, f and g on 
the basis of the element counters, and data input can 
take place without checking a vacant area in the areas 
D, E, F and G. Accordingly, counters for input data are 
not needed and a vacant area in the areas D, E, F and G 
is not checked. This results in a faster data entry. The 
merging process uses the same algorithm as the third 
embodiment, and the same effectiveness, i.e., the merg 
ing process in smaller areas while retaining a long vec 
tor length, is accomplished. 
FIG. 17 is a timing chart of two-way merging which 

involves input and output instructions, scalar instruc 
tion, and vector instruction in the first through fourth 
embodiments of the inventive merging method. Scalar 
instruction are instructions processed with the scalar 
operation unit in FIG. 1, and they are equivalent to 
steps 1-3 and steps 5-7 in FIG. 3. Vector instructions 
are instructions processed with the vector operation 
unit 17 in FIG. 1, and they are equivalent to step 4 in 
FIG. 3. 
Implemented at the beginning is the input process for 

entering data into the input data areas. Next is the set 
ting for the number of vector elements and the process 
by the scalar instructions for testing the feasibility of 
merging, and it is followed by merging by the merging 
instructions. The scalar and merging instructions are 
executed cyclically and, when resulting data is yielded 
in the output area, the output process commences, 
which is accompanied by another input process when 
necessary. These processes go on in overlapped fashion 
between the input/output and scalar instructions or 
between the input/output and merging instructions. 
According to this invention, the size of working areas 

does not depend on the number of data. The mean vec 
tor length is determined from the total number of trans 
ferred data divided by the number of executions of 
vector instructions, which can be minimized according 
to this invention, whereby data can be processed using 
small working areas while retaining a long vector 
length. In addition, input and output are independent 
and therefore can take place in parallel. 

I claim: 
1. A three-way merging apparatus for connection to a 

first storage, in which three input data strings are 
stored, and a second storage, and operative to merge 
said three input data strings and store the result in said 
second storage, said apparatus comprising: 
work areas in memory including a first area for stor 

ing a first of said three input data strings sequen 
tially, a second area for storing a second of said 
three input data strings sequentially, a third area for 
storing a third of said three input data strings se 
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10 
quentially, a fourth area for storing a result of 
merging between data stored in said first and sec 
ond areas, and a fifth area for storing a result of 
merging between data stored in said fourth area 
and third area, said fourth area having a size at least 
equal to the size of said fifth area, said first, second 
and third areas each having a size at least twice the 
size of said fourth area; 

two-way merging means for executing a two-way 
merging; and 

means for controlling said first and second storages 
and said two-way merging means to cause storing 
of a result of merging from said fifth area unit into 
said second storage, said controlling means includ 
Ing: 
(a) means responsive to a vacant area in one of said 

first, second and third areas becoming available 
for a number of data, which are stored in said 
fifth area as a result of execution of said two-way 
merging, for loading a part of a data string which 
is to be loaded in said one of said first, second and 
third areas into said vacant area; 

(b) means for setting a number of data, which can 
be stored in said fifth area, as a first number of 
data to be merged by said merging means; and 

(c) means for comparing a number of data stored in 
said fourth area with said first number of data, 
and (i) if said number of data stored in said fourth 
area is greater than or equal to said first number 
of data, for caising a merging between data in 
said fourth and third areas and a storing of the 
result obtained into said fifth area for storage 
into said second storage, or (ii) if said number of 
data stored in said fourth area is smaller than said 
first number of data, for setting a number of data, 
which can be stored in a vacant area of said 
fourth area, as a second number of data, and 
causing a first merging for said second number of 
data between data in said first and second areas, 
a second merging for said first number of data 
between data in said fourth area, where the result 
of merging is stored, and data in said third area, 
and a delivering of the result of the second merg 
ing to said fifth area for storage into said second 
Storage. 

2. An N-way merging apparatus for connection with 
a first storage, in which N data strings are stored, and a 
second storage, and operative to merge said N data 
strings and store the result in said second storage, said 
apparatus comprising: 
work areas in memory including N data areas for 

storing sequentially said N data strings, respec 
tively, an output area for storing a result of N-way 
merging, and N-2 intermediate areas for storing 
intermediate results produced in the process of said 
N-way merging, said intermediate areas each hav 
ing a size larger than or equal to the size of said 
output area, said data areas having a size at least 
twice the size of the maximum of said intermediate 
areas; 

means for indicating a linkage relation between said 
areas; 

two-way merging means for executing a two-way 
merging; and 

means for controlling said first and second storages 
and said two-way merging means to cause said 
two-way merging means to execute said two-way 
merging sequentially in accordance with said link 
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age relation, to deliver the result of merging stored 
in said output area to said second storage, and, 
when a vacant area equal in size to the maximum of 
said intermediate areas becomes available in at least 
one of said N data areas, to load data of an associ 
ated data string into said vacant area; 

wherein said control means includes: 
(a) means for setting a number of data, which can 
be stored in said output area, as a first number of 
data to be merged by said two-way merging 
means; 

(b) means for assigning intermediate areas in link 
age with said output area by making reference to 
said linkage relation indicating means; 

(c) means for comparing, among assigned interme 
diate areas, maximum values of data stored in 
said assigned intermediate areas and for making a 
first determination as to whether merging is fea 
sible by comparing a number of data stored in a 
first intermediate area, which holds a smaller 
maximum value or, if maximum values are equal, 
is an arbitrary intermediate area, with said first 
number of data; 

(d) means for (i) determining the merging to be 
feasible if a number of data stored in said first 
intermediate area is greater than or equal to said 
first number of data and for operating on said 
two-way merging means to execute merging and 
to place the result of merging in said output area, 
and (ii) determining the merging to be not feasi 
ble if the number of data stored in said first inter 
mediate area is smaller than said first number of 
data and for setting a difference between the size 
of said first intermediate area and the number of 
data stored therein as a second number of data 
for said merging means and making a second 
determination, similar to the first determination, 
for further intermediate areas linked to said first 
intermediate area as to whether merging is feasi 
ble; 

(e) means responsive to said merging not being 
feasible for setting a difference between a num 
ber of data, which can be stored in a second 
intermediate area, that holds data selected based 
on a certain criteria, among said further interme 
diate areas, and a number of data stored in aid 
second intermediate area as a second number of 
data; 

(f) means for iterating a determination for areas 
linked to said second intermediate areas, similar 
to said second determination, as to whether 
merging is feasible, and operating on said two 
way merging means, if merging is determined to 
be feasible, to execute merging; and 

(g) means for making a determination, similar to 
said second determination, iteratively as to 
whether merging is further feasible between an 
area where the result of merging is stored and an 
area to be merged with said area. 

3. A merging apparatus according to claim 2, wherein 
said criteria is to select an intermediate area holding a 
smaller maximum value among said further intermedi 
ate areas, or, if maximum values are equal, select an 
intermediate area holding arbitrary data, as said second 
intermediate area. 

4. A merging apparatus according to claim 2, wherein 
said criteria is to select an intermediate area holding a 
larger minimum value among said further intermediate 
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12 
areas, or, if minimum values are equal, select an inter 
mediate area holding arbitrary data, as said second in 
termediate area. 

5. A merging apparatus according to claim 2, wherein 
said first storage comprises N storages each storing a 
data string. 

6. An N-way merging apparatus, for connection with 
a first storage, in which N data strings are stored, and a 
second storage, and operative to merge said N data 
strings and store the result in said second storage, said 
apparatus comprising: 
means for extracting a key from input data, which is 
formed by said N data strings, and producing 
tagged key data format from the extracted key 
appended with a tag; 

two-way merging means for executing two-way 
merging; 

means for transforming said tagged key data back to 
original data; 

work areas for N-way merging including N input 
data areas for storing said N data strings sequen 
tially, N input key data areas for storing the tagged 
key data strings produced from the data stored in 
said N data areas, N-2 intermediate areas for stor 
ing tagged key data produced in the process of 
N-way merging, an output key data area for storing 
tagged key data produced by N-way merging, and 
output original data areas for storing original data 
corresponding to the key data stored in said output 
key data area, said intermediate areas each having a 
size at least equal to the size of the output key data 
area, said input key data areas each having a size at 
least as large as log2N-1 times the maximum of 
said intermediate areas; 

means for recording linkage relation between said 
areas; and 

means for controlling said first and second storages, 
said 2-way merging means, and said transforming 
means, and implementing said N-way merging, said 
control means operating to store output data, 
which is produced as a result of merging and stored 
in said output original data area, into said second 
storage, and to load, when a vacant area as large as 
log2N times the maximum of said intermediate 
areas becomes available in at least one of said N 
data areas, data of an associated input data string 
into said vacant area; 

wherein said control means includes: 
(a) means for setting a number of key data, which 
can be stored in said output key data area, as a 
number of data to be merged by said two-way 
merging means; 

(b) means for assigning intermediate areas in link 
age with said output key data area by making 
reference to said linkage relation recording 
means; 

(c) means for comparing, between assigned inter 
mediate areas, maximum values of key data 
stored in said assigned intermediate areas, and 
for making a first determination as to whether 
merging is feasible by comparing a number of 
key data stored a first intermediate area, which 
holds a smaller maximum value, or, if maximum 
values are equal, is an arbitrary intermediate 
area, with said number of merging data; 

(d) means for (i) determining the merging to be 
feasible if a number of data stored in said first 
intermediate area is greater than or equal to said 
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number of merging data, and for operating on 
said two-way merging means to execute merging 
and to place the result of merging in said output 
key data area, and (ii) determining the merging 
to be not feasible if the number of data stored in 
said first intermediate area is smaller than said 
number of merging data, and for setting a differ 
ence between the size of said first intermediate 
area and the number of key data stored wherein 
as a number of merging data and making a sec 
ond determination for further intermediate area 
linked with said first intermediate area as to 
whether said merging is feasible; 

(e) means responsive to said merging not being 
feasible, for setting a difference between a num 
ber of data, which can be stored in a second 
intermediate area, that holds data selected based 
on a certain criteria, among said further interme 
diate areas, and a number of data stored in said 
second intermediate area as a number of merging 
data; 

(f) means for iterating a determination for areas 
linked directly or indirectly to said second inter 
mediate area, similar to said second determina 
tion, as to whether merging is feasible, and oper 
ating on said two-way merging means, if merg 
ing is determined to be feasible, to execute merg 
ing; and 

(g) means for making a determination, similar to 
said second determination, iteratively as to 
whether merging is further feasible between an 
area where the result of merging is stored and an 
area to be merged with said area. 

7. A merging apparatus according to claim 6, wherein 
said first storage comprises N storages each storing a 
data string. 

8. A merging apparatus according to claim 6, wherein 
said criteria is to select an intermediate area holding a 
smaller maximum value among said further intermedi 
ate areas, or, if maximum values are equal, select an 
intermediate area holding arbitrary data, as said second 
intermediate area. 

9. A merging apparatus according to claim 6, wherein 
said criteria is to select an intermediate area holding a 
larger minimum value among said further intermediate 
areas, or, if minimum values are equal, select an inter 
mediate area holding arbitrary data, as said second in 
termediate area. 

10. A method of merging two data strings stored in a 
first storage using a two-way merging unit and storing a 
result of the two-way merge in a second storage, a 
number of data to be merged by said merging unit for 
one consecutive merging operation being set by setting 
a number of vector elements for the merging unit opera 
tion, comprising: 

(a) providing two input areas and one output area in 
a memory, each input area sequentially receiving a 
part of a respective data string, said output are 
temporarily storing the result of the two-way 
merge before said result is transferred to said sec 
ond storage, said input areas each having a size at 
least twice the size of said output area; 

(b) loading a part of each data string into a respective 
input area; 

(c) setting, as the number of said vector elements to 
be operated on by said merging unit, a number 
representing the size of said output area; 
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14 
(d) successively fetching data from either one of said 

input areas to said merging unit to execute said 
two-way merging and successively loading data 
obtained from said merging unit in said output area; 

(e) transferring data loaded in said output area to said 
second storage for storage therein; 

(f) detecting whether a vacant area produced in at 
least one of said input areas as a result of said step 
d) is equal in size to said output area, and if equal, 
loading data from the data string which is to be 
loaded in said one input area into said one input 
area until said vacant area is filled; and 

(g) iterating said steps d), e) and f) independently until 
said two data strings are completely merged. 

11. A method of merging three data strings stored in 
a first storage using a two-way merging unit and storing 
a result of merging said three data strings in a second 
storage, a number of data to be merged by said merging 
unit during one consecutive merging operation being 
set by setting a number of vector elements for the two 
way merging unit operation, comprising the steps of: 

(a) providing first, second and third input areas, an 
output area and an intermediate area in a memory, 
each of said first, second and third input areas stor 
ing respectively a part of each of a first, a second 
and a third data string, respectively, said intermedi 
ate area storing a result of executing a two-way 
merge on data in said first and second input areas 
and said output area temporarily storing a result of 
executing a two-way merge on data in said inter 
mediate area and data in said third input area before 
the execution result is transferred to said second 
storage, said intermediate area being at least equal 
in size to said output area, each input area having a 
size at least twice the size of the intermediate area; 

(b) loading a part of said first, second and third data 
strings into said first, second and third input areas, 
respectively; 

(c) setting, as a first number of said vector elements 
for the two-way merging unit operation, a number 
representing the size of said output area; 

(d) comparing the number of data stored in said inter 
mediate area with said first number of the vector 
elements; 

(e) if said comparison reveals that said number of data 
stored in said intermediate area is not less than said 
first number of the vector elements, executing two 
way merge on data in said intermediate area and 
data in said third input area and placing a result of 
said two-way merge in said output area; 

(f) if said comparison reveals that said number of data 
stored in said intermediate area is less than said 
first-number of the vector elements so that a vacant 
area exists in said intermediate area, setting, as a 
second number of elements for the two-way merg 
ing unit operation, a number representing a size of 
said vacant area existing in said intermediate area, 
executing two-way merge on data in said first and 
second input areas and placing a result of said two 
way merge in said intermediate area, and subse 
quently executing two-way merge on data in said 
intermediate area and said third input area and 
placing a result of said two-way merge in said out 
put area; 

(g) transferring the result placed in said output area to 
said second storage; 

(h) if a vacant area equal in size to said output area 
becomes available as a result of the step e) or f) in 
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at least one of said first, second and third input 
areas, loading a part of the data string which is to 
be loaded in said one of the first, second and third 
input areas into said vacant area; and 

(i) iterating said step c), said steps d), e) and f), said 
step g) and said step h) independently until said 
three data strings are merged. 

12. A method of N-way merging N data strings 
stored in a first storage using a two-way vector-merge 
unit and storing a result of the N-way merge in a second 
storage, the number of data items to be merged by the 
two-way vector-merge unit during one consecutive 
merging operation being set by setting the number of 
vector elements for the two-way vector-merge unit 
operation, said method comprising the steps of: 

(a) providing in a memory a group of N input data 
areas, an output data area and N-2 intermediate 
areas, each input data area storing, part-by-part, 
successively, a respective input data string from 
said first storage, said output area temporarily stor 
ing a plurality of data items representing a result of 
said N-way merge before the N-way merge result is 
transferred to the second storage, each intermedi 
ate area storing a plurality of data items represent 
ing a result of an intermediate two-way vector 
merge operation, each input data area having a size 
twice that of an intermediate area, each of areas 
constituting a group of highest-ranking internedi 
ate areas being connected to store therein the result 
of a two-way merge executed on two input data 
areas, no highest-ranking intermediate area being 
provided for a remaining input data area in the case 
of N being an odd number, one or two lowest-rank 
ing intermediate areas being connected to store in 
the output area a result of a two-way merge exe 
cuted on one lowest ranking intermediate area and 
another area belonging to that group of input data 
areas which includes an odd number of data areas, 
or on said two lowest-ranking intermediate areas, 
an arbitrary intermediate area, excluding highest 
ranking ones, being connected to store a result of 
two-way merge on two areas included in a group 
of intermediate areas which rank immediately 
preceding the arbitrary intermediate area, but 
when only one are is available instead of said two 
means, said arbitrary intermediate area is con 
nected to store therein a result of two-way merge 
on said one area and another area contained in a 
group of intermediate areas which ranks higher 
than said one area and which has odd-number areas 
or said remaining input data area, if no such an 
other area is available, each of the N-2 intermediate 
areas and the output data area being denoted as a 
node and, looking at a particular node, each of two 
nodes linked to said particular node being denoted 
as a child node, and the particular node being de 
noted as a parent node; 

(b) storing a part of each of said N input data strings 
in a respective input area; 

(c) repeating the following steps until the N input 
data strings are merged: 
(A) designating an output data area as a current 

node; 
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16 
(B) setting, as the number of the vector elements of 

the two-way vector-merge unit, a number repre 
senting the size of the output data area; 

(C) determining whether the two-way merge by 
the two-way vector-image unit on two child 
nodes linked to a current node is possible on the 
basis of a first criteria; 

(D) if determined to be possible at the step C), 
executing two-way merge on said two child 
nodes and obtaining a result of the two-way 
merge in the current node; 

(E) if the current node is an output data area, out 
putting contents of the output data area into the 
second storage and if the current node is not an 
output data area, designating a parent node of 
the current node as a current node and going 
back to the step C); 

(F) if a vacant area having a size which is equal to 
or greater than that of the output data area is 
present in any one of the N input data areas, 
supplying a part of an input data string associ 
ated with said input data area having said vacant 
area to the input data area; and 

(G) if the two-way merge is determined to be im 
possible at the step (C), designating a selected 
one of the two child nodes recited at the step C), 
selected by a second criteria, as a current node, 
updating the number of the vector elements of 
the merging unit so that the number of the vector 
elements be the smaller of a number representing 
the size of a vacant area present in the current 
node recited in the step C) and a difference be 
tween the vector element number of the two 
way vector-merge unit at the step C) and the 
number of data items stored in the selected child 
node, and going back to the step C). 

13. A method according to claim 12, wherein said 
first criteria is that the two-way merge is possible when 
the number of data items stored in a selected one of said 
two child nodes, selected on the basis of a third criteria, 
is not smaller than the number of the vector elements 
selected for the merge unit. 

14. A method according to claim 13, wherein said 
third criteria is to select the smaller of a data item hav 
ing a maximum value in the one of the two child nodes 
and a data item having a maximum value in the other of 
the two child nodes or if said maximum values are 
equal, to select an arbitrary one. 

15. A method according to claim 13, wherein said 
third criteria is to select the larger of a data item having 
a minimum value in the one of the two child nodes and 
a data item having a minimum value in the other of the 
two child nodes, or if said minimum values are equal, to 
select an arbitrary one. 

16. A method according to claim 12, wherein said 
second criteria is to select the smaller of a data item 
having a maximum value in the one of the two child 
nodes and a data item having a maximum value in the 
other or if said maximum values are equal, to select an 
arbitrary one. 

17. A method according to claim 12, wherein said 
second criteria is to select the larger of a data item 
having a minimum value in the one of the two child 
nodes and a data item having a minimum value in the 
other of the two child nodes, or if said minimum values 
are equal, to select an arbitrary one. 

k k k 
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(57) ABSTRACT 
A method and apparatus for merging a plurality of input 
data strings employ a unit to execute a vector process 
ing for two-way merging to carry out merging itera 
tively, while setting the number of vector elements for 
the merging unit for the input data strings, deliver the 
result of merging, and, when a certain number of vacant 
areas become available in a input data area, load the 
certain number of data of the associated input data 
string to the vacant areas. Delivery of the merged result 
and loading of an input data string to the input data area 
take place in parallel. 

17 Clains, 20 Drawing Sheets 
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METHOD AND APPARATUS FOR MERGING 

BACKGROUND OF THE INVENTION 

This invention relates to a method and apparatus of 
merging and, particularly, to a method and apparatus of 
merging suitable for multiple-way merging. 
The merging process is defined to be rearrangement 

of a plurality of data strings, each arranged under a 
same law, into a single data string in compliance with 
the same law. An example of merging process is to 
re-arrange a plurality of numeric strings each arranged 
in the ascending order of numerals to a numeric string in 
the ascending order of numerals. Other merging pro 
cesses include re-arrangement of character strings each 
in the alphabetic order to a character string in the alpha 
betic order. An application of merging process is seen in 
the commercial process, in which the quantities of com 
modities sold in a day are listed in the order of commod 
ity number at the end of the day. 
There has been known a vector merging processor 

which is capable of performing two-way merging, for 
example, in which two input data strings are merged 
through the provision of working areas in the main 
storage including two areas each for storing one of the 
input data strings and an area with a capacity of two 
input data strings for storing the result of merging. This 
processor, however, necessitates working areas which 
are twice the volume of two input data strings, and 
therefore it is not suitable for merging mass data. The 
above-mentioned vector merging process signifies 
merging a plurality of vector data, 
A merging technique which resembles the above 

mentioned prior art is disclosed in JP-A-60-134973 (cor 
responding to U.S. Pat. Application Ser. No. 685,116 
"Vector Processor"now U.S. Pat. No. 4,779,192). A 
software-oriented multiple-way merging technique is 
described in an article entitled "Sorting and Searching', 
Vol. 3, pp. 251-253, published by Knuth, copyrighted 
by Addison-Wesley Publishing Co. in 1973, in which 
the manner of "replacement selection' is used to pro 
duce an element of output at one time. 

SUMMARY OF THE INVENTION 

An object of this invention is to provide a method and 
apparatus for merging a large quantity of input data of 
the vector type using small working areas in parallel 
fashion for data input and result output with a long 
vector length being retained. The vector-type data sig 
nifies a group of data of the same type. 
According to one aspect of this invention, with the 

intention of achieving the above objective, input data is 
merged in units smaller than a certain number of data by 
executing a vector processing involving two-way merg 
ing, the result is delivered, and further input data is 
introduced when room for a certain amount of data 
becomes available in an input data area. Input areas and 
an output area of the working areas (and an intermedi 
ate area in the case of merging three-ways or more) are 
used to implement merging in units of vector elements 
on the basis of the number of data entered in a parent 
area where the result of two-way merging is stored, and 
the result of merging is delivered. This scheme enables 
the working areas to have a capacity independent of the 
number of data, whereby mass data can be merged using 
smaller working areas. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a block diagram of the merging apparatus 

embodying the present invention; 
FIG. 2 is a diagram showing the operation of the 

merging unit used in the merging apparatus of FIG. 1; 
FIG. 3 is a diagram showing the algorithm of the first 

embodiment of the inventive merging method; 
FIG. 4 is a diagram showing the working areas of the 

embodiment of FIG. 3; 
FIG. 5 is a diagram showing the algorithm of the 

second embodiment of the inventive merging method; 
FIG. 6 is a diagram showing the working areas of the 

embodiment of FIG. 5; 
FIG. 7 is a diagram showing the algorithm of the 

third embodiment of the inventive merging method; 
FIG. 8. is a diagram showing the algorithm of merg 

ing process; 
FIG. 9 is a diagram showing the working areas of the 

embodiment, of which a step of FIG. 7 is shown in more 
detail; 
FIG. 10 is a table showing the relationship between 

the working areas of the embodiment of FIG. 7; 
FIG. 11 is a diagram useful for explaining the process 

of the embodiment of FIG. 7; 
FIGS. 12-1 and 12-2 are examples of the merging 

process based on the embodiment of FIG.7; 
FIG. 13 is a diagram showing the algorithm of the 

fourth embodiment of the inventive merging method; 
FIG. 14 is a diagram showing the working areas of 

the embodiment of FIG. 13; 
FIG. 15 is a table showing the relationship between 

the working areas of the embodiment of FIG. 13; 
FIGS. 16-1, 16-2 and 16-3 are diagrams of data flow 

based on the embodiment of FIG. 13; and 
FIG. 17 is a timing chart of the embodiments of this 

invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiments of this invention will now be described 
with reference to the drawings. 

FIG. 1 is a block diagram of the merging apparatus 
which forms an embodiment of this invention. In the 
figure, indicated by 10 is an instruction register, 11 is a 
decoder, 12 is a scalar computation unit, 13 is a vector 
computation unit, 14 is a main memory, 15 is an I/O 
control circuit, 16 is a disk storage, 17 is a merging 
operation unit, 18 are counters, 19 is an address control 
circuit, 20 and 21 are input registers, 22 is a comparator, 
23 is a selector, and 24 is an output register. 

In this embodiment, mass data to be merged is stored 
in advance in the disk storage 16, and it is loaded into 
the main memory 14 by the I/O control circuit 15. After 
the data is merged by the scalar computation unit 12 and 
vector computation unit 13, the result is stored in the 
disk storage 16. The merging apparatus of FIG. 1 is 
operative to carry out the inventive merging methods 
which will be described later. 

FIG. 2 shows the operation of the merging unit 17 in 
FIG. 1, in which the state shown in the left half of the 
diagram is for time 10 of the counter shown in the right 
half. Indicated by OP1, OP2 and OP3 are working areas 
in the main memory 14. The numerals enclosed in pa 
rentheses, i.e., (1)–(4), in OP1 and OP2 are for the pur 
pose of explanation, and actually they have been sent to 
OP3 and are absent in OP1 and OP2 at time 10. The 
OP1 and OP2 represent input data of numeric strings 
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each sorted in descending order, and OP3 represents 
output data. At time 1, OP1 contains 10 pieces of data, 
OP2 contains 8 pieces of data, and OP3 contains no 
data. At time 2, the comparator 22 in the merging unit 
17 compares the values of data in OP1 and OP2, and a 
piece of data in OP1 is transferred to OP3. Namely, in 
this example, 1 stored in OP1 is compared with 2 stored 
in OP2, and the smaller 1 in OP1 is transferred to OP3. 
Following the transfer operation, the counter of OP1 is 
decremented by 1, the counter of OP2 is left unchanged, 
and the counter of OP3 is incremented by 1 in the 
counter circuit 8. Consequently, OP1 contains 9 pieces 
of data, OP2 contains 8 pieces of data, and OP3 contains 
1 piece of data at time 2. The operation proceeds succes 
sively. Namely, at the transition from time n to time 
n+1, data in OP1 and OP2 are compared, and if data of 
OP is smaller than data of OP2, the OP1 counter is 
decremented by 1, the OP2 counter is left unchanged, 
and the OP3 counter is incremented by 1. If, on the 
other hand, data of OP1 is greater than data of OP2, the 
OP1 counter is left unchanged, the OP2 counter is dec 
remented by 1, and the OP3 counter is incremented by 
1. In FIG. 2 the output area OP3 has a capacity for 16 
pieces of data and the input areas OP1 and OP2 have 
capacities for 10 and 8 pieces of data, respectively, for 
the explanatory purpose, and it should be noted that the 
actual output area is smaller than the input areas. 

FIG. 3 is a diagram showing the algorithm of the first 
embodiment of the inventive merging method, and 
FIG. 4 is a diagram showing the relationship between 
the disk storages and the working areas in the main 
memory. FIG. 3 will be explained with reference to 
FIG. 4. The main memory 14 in FIG. 4 is the main 
memory 14 in FIG. 1, and the disk storages 16-1, 16-2 
and 16-3 are equivalent to the disk storage 16. The main 
memory 14 has a section A which is assigned to the 
output area (i.e., used to store the result of merging), 
and has sections B and C which are assigned to the input 
areas. Each of the areas B and C is twice the capacity of 
the area A, although the former areas may be greater 
than twice the latter area. 

In step 1 of FIG. 3, it is indicated that data in disk 
storages 16-1 and 16-2 is loaded into the areas B and C, 
respectively, and the data counters 18 and the start 
addresses of both input data are set. It step 2, it is indi 
cated that step 3 and following steps are repeated until 
merging for all data completed. In step 3, it is indicated 
that the number of data entered to the output area A in 
FIG. 4 is set as a number of vector elements of two-way 
merging. In other words, the vector operation unit 17 
performs two-way merging for pieces of data equal in 
number to the number of vector elements. In step 4, it is 
indicated that data in the areas B and Care merged and 
the result is stored in the area A, with the counters 18 
and addresses being updated accordingly. In step 5, it is 
indicated that data in the area A is stored in the disk 
storage 16-3. Step 6 is to test whether a vacant area as 
large as the area A is available in the area B or C. If the 
area is found available, the control sequence proceeds 
to step 7 for the entry of data and updating of the count 
ers and addresses, or if the area is not available, nothing 
takes place. 
The steps 6 and 7 ensure that there always exists in B 

and C at least a piece of data to be entered to A at the 
execution of merging in step 4, and the merging process 
of step 4 is not terminated. Accordingly, it is possible 
for data with a long vector length to be merged di 
rectly. 
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The areas A, B and C are fixed in location and size 

and are independent of the number of data. On this 
account, it is possible to merge mass data in the form of 
a given vector length using a small working areas, and 
to perform the input and output operations indepen 
dently or in parallel to each other. 

FIG. 5 shows the algorithm of a second embodiment 
of the inventive merging method, and FIG. 6 shows the 
relationship between the disk storages 16-1 through 
16-3 and the working areas A through E in the main 
memory 14 of this embodiment. In FIG. 6, indicated by 
14 is the main memory 14 in FIG. 1, and 16-1, 16-2 and 
16-3 are disk storages equivalent to the disk storage 16 
in FIG. 1. The main memory 14 has an output area A, 
an intermediate area B, and input areas C, D and E. A 
and B are equal in size, and C, D and E are each twice 
the size of B in this embodiment, although the area B 
may be larger than A, and the areas C, D and E may be 
larger than twice the size of A. 

In step 30 of FIG. 5, it is indicated that data is loaded 
from the disk storages 16-1, 16-2 and 16-3 into the areas 
C, D and E, respectively, and the counters 18 for the 
areas and the addresses of data in the areas are set in the 
address control circuit 19. In step 31, it is indicated that 
step 32 and following steps are repeated until merging 
for all data is completed. In step 32, it is indicated that 
the quantity of data entered to the area A is set as a 
number of vector elements of the vector operation unit 
13. Step 33 is to test whether merging of data in the 
intermediate area B and input area E is feasible. Since 
the area E contains more data than would be entered in 
the area A, as will be described later, merging is feasible 
if the number of data in B is more than the number of 
vector elements. In this case, step 34 for merging and 
updating the counter and address takes place. If merg 
ing is not feasible, the control sequence proceeds to step 
35. In step 35, it is indicated that the number of data 
entered to the vacant area of B is set as a number of 
vector elements of the merging unit 17. In step 36, it is 
indicated that merging is executed between the areas C 
and D, and the counters and address are updated. In 
step 37, it is indicated that merging is executed between 
the areas B and E, and the counters and address are 
updated. In step 38, it is indicated that data in the area 
A is stored in the disk storage 16-4. Step 39 is to test 
whether a vacant area as large as the size of A is avail 
able in the area C, D or E. If the area is found available, 
step 40 is executed for entering data and updating the 
counters and addresses, or otherwise nothing takes 
place. Due to the processes of steps 39 and 40, the areas 
C, D and E always contain more data than that entered 
in A. 
The areas A, B, C, D and E are fixed in size and 

location, and therefore are independent of the data 
quantity. On this account, mass data can be merged 
using smaller working areas, with the input and output 
operations being performed independently or in paral 
lel. 
FIGS. 7 and 8 show the algorithm for a third embodi 

ment of the inventive merging method, FIG. 9 shows 
the relationship between the data areas, FIG. 10 shows 
in a table the relationship between the areas, FIG. 11 
shows the process based on the algorithm of FIGS. 7 
and 8, and FIGS. 12-1 and 12-2 show examples of pro 
cessing. 

First, the relationship between the data areas will be 
explained with reference to FIGS. 9 and 10. In FIG. 9, 
indicated by 14 is the main memory 14 shown in FIG. 1, 
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parts of the respective areas. Shown in FIG. 16-1 is the 
merging result in the area A, while shown in FIG. 16-2 
is output of data from the area A and input to the area 
D. Data input takes place when a vacant area of eight or 
more is available in the areas d, e, fand g. 

FIG. 16-3 shows the transfer of data at the transition 
from FIG. 16-1 to FIG. 16-2. Shown by I of FIG. 16-3 
is the result of merging obtained in the area a. Replace 
ment of tagged key data in the area a with input data 
results as shown in FIG. 16-1. Shown by II of FIG. 16-3 
is the formation of tagged key data from input data of 
FIG. 16-2 and entry to the area d. In regard to FIGS. 
16-1, 16-2 and 16-3, the numbers of data in the areas D, 
E, F and G and in the areas d, e, fand g are different in 
general. This is because the intermediate result is depen 
dent on the areas band c. This invention is designed to 
inquire as to a vacant area in the areas d, e, f and g on 
the basis of the element counters, and data input can 
take place without checking a vacant area in the areas 
D, E, F and G. Accordingly, counters for input data are 
not needed and a vacant area in the areas D, E, F and G 
is not checked. This results in a faster data entry. The 
merging process uses the same algorithm as the third 
embodiment, and the same effectiveness, i.e., the merg 
ing process in smaller areas while retaining a long vec 
tor length, is accomplished. 

FIG. 17 is a timing chart of two-way merging which 
involves input and output instructions, scalar instruc 
tion, and vector instruction in the first through fourth 
embodiments of the inventive merging method. Scalar 
instruction are instructions processed with the scalar 
operation unit in FIG. 1, and they are equivalent to 
steps 1-3 and steps 5-7 in FIG. 3. Vector instructions 
are instructions processed with the vector operation 
unit 17 in FIG. 1, and they are equivalent to step 4 in 
F.G. 3. 
Implemented at the beginning is the input process for 

entering data into the input data areas. Next is the set 
ting for the number of vector elements and the process 
by the scalar instructions for testing the feasibility of 
merging, and it is followed by merging by the merging 
instructions. The scalar and merging instructions are 
executed cyclically and, when resulting data is yielded 
in the output area, the output process commences, 
which is accompanied by another input process when 
necessary. These processes go on in overlapped fashion 
between the input/output and scalar instructions or 
between the input/output and merging instructions. 
According to this invention, the size of working areas 

does not depend on the number of data. The mean vec 
tor length is determined from the total number of trans 
ferred data divided by the number of executions of 
vector instructions, which can be minimized according 
to this invention, whereby data can be processed using 
small working areas while retaining a long vector 
length. In addition, input and output are independent 
and therefore can take place in parallel. 

I claim: 
1. A three-way merging apparatus for connection to a 

first storage, in which three input data strings are 
stored, and a second storage, and operative to merge 
said three input data strings and store the result in said 
second storage, said apparatus comprising: 
work areas in memory including a first area for stor 

ing a first of said three input data strings sequen 
tially, a second area for storing a second of said 
three input data strings sequentially, a third area for 
storing a third of said three input data strings se 

O 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
quentially, a fourth area for storing a result of 
merging between data stored in said first and sec 
ond areas, and a fifth area for storing a result of 
merging between data stored in said fourth area 
and third area, said fourth area having a size at least 
equal to the size of said fifth area, said first, second 
and third areas each having a size at least twice the 
size of said fourth area; 

two-way merging means for executing a two-way 
merging; and 

means for controlling said first and second storages 
and said two-way merging means to cause storing 
of a result of merging from said fifth area unit into 
said second storage, said controlling means includ 
1ng: 
(a) means responsive to a vacant area in one of said 

first, second and third areas becoming available 
for a number of data, which are stored in said 
fifth area as a result of execution of said two-way 
merging, for loading a part of a data string which 
is to be loaded in said one of said first, second and 
third areas into said vacant area; 

(b) means for setting a number of data, which can 
be stored in said fifth area, as a first number of 
data to be merged by said merging means; and 

(c) means for comparing a number of data stored in 
said fourth area with said first number of data, 
and (i) if said number of data stored in said fourth 
area is greater than or equal to said first number 
of data, for causing a merging between data in 
said fourth and third areas and a storing of the 
result obtained into said fifth area for storage 
into said second storage, or (ii) if said number of 
data stored in said fourth area is smaller than said 
first number of data, for setting a number of data, 
which can be stored in a vacant area of said 
fourth area, as a second number of data, and 
causing a first merging for said second number of 
data between data in said first and second areas, 
a second merging for said first number of data 
between data in said fourth area, where the result 
of merging is stored, and data in said third area, 
and a delivering of the result of the second merg 
ing to said fifth area for storage into said second 
Storage. 

2. An N-way merging apparatus for connection with 
a first storage, in which N data strings are stored, and a 
second storage, and operative to merge said N data 
strings and store the result in said second storage, said 
apparatus comprising: 
work areas in memory including N data areas for 

storing sequentially said N data strings, respec 
tively, an output area for storing a result of N-way 
merging, and N-2 intermediate areas for storing 
intermediate results produced in the process of said 
N-way merging, said intermediate areas each hav 
ing a size larger than or equal to the size of said 
output area, said data areas having a size at least 
twice the size of the maximum of said intermediate 
areas; 

means for indicating a linkage relation between said 
areas; 

two-way merging means for executing a two-way 
merging; and 

means for controlling said first and second storages 
and said two-way merging means to cause said 
two-way merging means to execute said two-way 
merging sequentially in accordance with said link 


